Microwave coupled with hot air drying kinetics and characteristics of hawthorn slices at different drying hot air temperatures, hot air velocities, and microwave power densities was investigated. The research results showed that drying occurred mainly in the falling rate period and in the accelerating period. Twelve mathematical models were selected to describe and compare the drying kinetics of hawthorn slices. By comparing three criterions including correlation coefficient, chi-square, and root mean square error, we determined that Weibull distribution model obtained the best fit and could best predict the experimental values. Consequently, Weibull distribution model could be used to aid dryer design and promote the efficiency of dryer operation by simulation and optimization of the drying processes. Moisture transfer from hawthorn slice was described by applying Fick's second law and the effective diffusivity values were calculated by simplified Fick's second law. The variable law of effective diffusivity values was consistent with the variable law of moisture ratio.
Introduction
Hawthorn is a kind of plant that belongs to hawthorn genus, which belongs to Rosaceae, is a unique fruit originated from China, and has 3000 years of cultural history. Currently, it mainly distributed in China, Europe, and North America [1] . Hawthorn can be made of many products, such as hawthorn cake, hawthorn juices, haw flakes, hawthorn jelly, and low sugar hawthorn candied. Hawthorn fruit is rich in vitamin C, flavonoids compounds, saponins, organic acids, polysaccharides, and other nutrients; it also contains a variety of minerals, with high nutritional value. Also, hawthorn has the function of digestion spleen, inflammation and cough, lower blood pressure, lower blood fat, increasing coronary blood flow, prevention of coronary heart disease, angina and cancer, and other antitumor efficiency of treatment. Therefore, varieties of hawthorn are widely used in pharmaceutical and food ingredients in China and Europe [2, 3] . Moisture content of hawthorn is about 80% (w. b.), with crisp organic. So, it is vulnerable to mechanical damage in harvest and various processing after harvest, resulting in juice outflow, which provides a rich moisture and nutrients for microbacteria, and resulting in hawthorn rot, which bring enormous losses annually [4] .
Drying is one of the widely used methods for postharvest preservation of fruit products. The basic objective in drying fruit products is the removal of water in the solids up to a certain level, at which microorganism and deterioration chemical reactions are greatly minimized [4] [5] [6] . In addition, dried food has longer shelf life in packages and lower transportation, handling, and storage costs [6] . Drying is a complicated process relating to simultaneous heat and mass transfer where water is transferred by diffusion from inside the fruit material to the air-fruit interface and from the interface to the air stream by convection [7, 8] . The amount of energy required to dry fruit products depended on many factors, such as initial moisture and desired final moisture drying air temperature.
The dried slices of hawthorn fruits are much-loved hawthorn processed products; in addition to medical applications, it also can be made into drinks and raw or auxiliary material for other processed products. One of the main concerns of the commercial dried slices of hawthorn fruits is to obtain dried products of good quality. The quality of dried slices of hawthorn fruits can be affected by drying methods. Currently, there are mainly two kinds of drying methods including sun-drying and hot air drying for the slices of hawthorn fruits. Sun-drying is the most frequently used method for the slices of hawthorn fruits. This drying method is simple and there are no drying costs substantially, but drying takes a long time and the drying slices of hawthorn fruits are exposed to environmental contamination such as dust, rodents, birds, and microorganisms. Therefore, the quality of the dried products may be lowered significantly [4] . Hot air drying method has been widely applied because of simple structure, inexpensive drying equipment, and less being influenced by the external environment. But the thermal conductivity in hot air drying method is by the way of heat transfer from outside to inside. So, it has the defect of slow speed of heat transfer, long drying time, larger energy consumption, and serious damage to trace elements in hawthorn. This method seriously affects the quality of dried hawthorn [9, 10] .
In recent years, the microwave drying technology is more widely applied. In microwave drying, microwave interaction with water molecules and internally generated heat throughout the drying of samples, which greatly reduces the drying time, improves energy efficiency and reduces the loss of trace elements in dried fruits. But there is a trouble of temperature uneven if it simply relies on the method of microwave heating, especially in the later stage of drying; the dried material is easy to cause gelatinization, which leads to poor quality of the dried product [11] . An effective measure to overcome some of the limitations of single microwave is to combine microwave with the vacuum or hot air drying technique [12] . Vacuum-microwave drying is a modern, efficient method of food, vegetable, fruit, and agricultural product preservation. It is a novel alternative method of drying that obtains products with acceptable quality. Compared with the hot air and microwave drying methods, vacuum-microwave drying permits shorter drying time and substantial improvement in the quality of dried products [13, 14] . However, the vacuum-microwave drying equipment has limited commercial production because of high price, complex structure, high airtightness of the drying equipment, and operating difficulties in the drying process of products.
Microwave coupled with hot air (MCHA) drying is an innovative technique that dries the materials by microwave and hot air simultaneously and combines the advantages of microwave and hot air drying as well as overcomes the disadvantages associated with the application of each method alone [15] . The most important characteristic of microwave heating is volumetric heating. Drying materials could absorb microwave energy directly and internally and convert such energy into heat generated throughout the material by volumetric heating. At the same time, microwave energy promotes the movement of water from the interior of the drying products in the form of liquid or vapor toward the surface of the drying products. Thermal energy is conducted from the surface of the drying products toward the interior; water in the drying material is also removed from the surface toward the interior of the drying material while products are dried by hot air. Therefore, water removal from the drying material is commonly affected by microwave and hot air in MCHA drying. MCHA drying has faster heating rate and drying time than hot air drying or microwave drying alone [15] [16] [17] [18] .
Various mathematical models describing the drying characteristics of different fruits and vegetables had been proposed to optimize the drying process and design efficient dryers [19] . So far, there are more researchers that focus on hot air, microwave, and microwave vacuum drying technology for fruits and vegetables and get the corresponding drying characteristic curves and drying models, such as Guiné et al. [20] , Gachovska et al. [21] , Babalis et al. [22] , Menges and Ertekin [7] , Janjai et al. [23] , Mihindukulasuriya and Jayasuriya [24] , Alibas [25] , Zhao et al. [26] , Bai-Ngew et al. [27] , Figiel [13] , Nimmanpipug et al. [28] , and Abano et al. [29] . There are fewer researchers that focus on microwave coupled with hot air drying technology for drying of fruits and vegetables, except for Varith [30] , Alibas [31] , and Gowen [17] researching on longan, soybeans, and pumpkin. However, the effects of dry factor on moisture ratio and drying rate of microwave coupled with hot air drying experiment were not researched systematically and the result analysis was not provided, and the mathematical models describing drying characteristics of microwave coupled with hot air drying technology were not presented in these studies listed above. Except for Unal and Sacilik [4] use the convective hot air drying technology for the drying characteristics of hawthorn; there was no research on the hawthorn drying moisture ratio, drying rate, and mathematical models using microwave coupled with hot air drying technology.
Therefore, the present study is conducted with the following objectives: (1) to dry the hawthorn slices in a microwave coupled with hot air dryer, and to determine the effect of hot air temperature, hot air velocity, and microwave power density on the dry characteristic, and to obtain drying characteristic curves; (2) to calculate the effective diffusivity of hawthorn slices samples; (3) to fit the experimental drying data obtained to drying models widely for predicting the drying characteristics of microwave coupled with hot air drying of hawthorn slices at different drying hot air temperature, hot air velocity, and microwave power density conditions.
Materials and Methods

Materials.
North hawthorn is one of the main species among hawthorns cultured in Shandong, Hebei, Jilin, Henan, Liaoning, and Heilongjiang, China. Hawthorn used in experiment was cultured in Shandong, they were selected as the dried materials in December 2013. They were classified according to color, size, degree of mechanical damage, and decay after being bought. Those test samples of fresh color, the same size, no mechanical damage, and decay were packed into plastics bags in 0.5 kg lots after being washed and drained and stored in a refrigerator at 4 ∘ C. The fresh hawthorns and the dried hawthorn slices were shown in Figure 1 . The fresh hawthorn was put into a hot oven after being cut into slices with thickness of 5 mm, which were continuously dried for Mathematical Problems in Engineering 12 hours with the hot air at the temperature of 70 ∘ C. The moisture content of hawthorn slices was measured after this process. These experiments were replicated thrice to obtain a reasonable average. After drying, the sample was found to have a moisture content of about 77% (w. b.).
Experimental Setup and Instrument
Microwave Coupled with Hot Air Dryer (MWCHAD).
The drying tests of hawthorn slicks were mainly completed by microwave coupled with hot air dryer (YHMW900-100), which was manufactured at College of Engineering, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang. The schematic view and photograph of experimental setup were shown in Figure 2 .
The size of the microwave coupled with hot air dryer was 1570 × 1000 × 505 mm, which mainly consisted of microwave drying system and hot air drying system. Microwave drying system consisted of the magnetron, control systems, and microwave resonator cavity. The frequency of magnetron was 2450 MHz, the microwave input power was 1300 W, and the microwave output power was 900 W. The control system was used to control the microwave power and the drying time, the microwave output power could be adjusted to 900, 720, 540, 360, and 180 W, and the drying time could be controlled to the range of 0-180 min. Microwave resonator cavity was made of 304 stainless steel and structural dimensions were of 330 × 215 × 350 mm. Hot air drying system mainly consisted of air flow distributor, a heater, a control system, and a centrifugal fan powered of 550 W. The air flow distributor was made of 304 stainless steel, structural dimensions were of 150 × 150 × 30 mm, and the outlet was composed of 106 holes with 8 mm diameter. There was a row of 3 mm diameter holes on the side wall of the microwave cavity for discharging the wet air after drying. The heater consisted of three far-infrared carbon fiber heating tubes power of 800 W and stainless steel tube with diameter of 89 mm. Control system consisted of a Pt100 temperature sensor with an accuracy of ±0.5 ∘ C (HGB300, China), a frequency converter with an accuracy of ±0.5% 4 Mathematical Problems in Engineering maximum air flow velocity (MT-B-0R7G-4-1010, the output frequency was 0-400 Hz, China), an air flow velocity sensor with an accuracy of ±0.2 m/s + 3% mv (WD, range was 0-30 m/s, China), and a digital display control instrument with an accuracy better than ±0.5% FS (ch6, display range −1999-9999, China). The temperature sensor was installed in the upper part of the microwave cavity for the inside hot air temperature measurement; hot air temperature was controlled between 30 ∘ C and 100 ∘ C (dry bulb temperature). Since the normal operating temperature of the air flow velocity sensor is below 60 ∘ C, to protect the air flow velocity sensor, it was installed at the outlet of the centrifugal blower to measure the air flow velocity. The air flow velocity was controlled between 0-5 m/s inside microwave cavity. There was an interconnection between the microwave cavity of microwave drying system and distributor of hot air drying system, which can feed hot air uniformly into the microwave cavity.
Other Experimental Instrument.
The moisture loss of test samples was weighed by a digital electronic balance (Model T1000, American Twin Brothers Co. Ltd., China) with the measurement range of 0-1000 g and an accuracy of 0.1 g. The hawthorn initial moisture content was measured by a digital electronic balance (Model JA2003N, Shanghai Jingke Trade Co. Ltd., China) with the measurement range of 0-210 g and an accuracy of 0.001 g. A digital anemometer with an accuracy of ±0.1 dgts (Model MT826, Hong Kong Mattel Electronics Technology Co. Ltd., Hong Kong, China) was used to measure the air velocity.
Experimental Procedure.
According to the china pharmacopoeia, thickness of dried hawthorn slices was 2∼4 mm; therefore, the thickness of fresh hawthorn slices used in each drying test was 5 mm. According to the China pharmacopoeia, the dry experiment would be finished when moisture content of hawthorn slices was at 12% (w. b.). In most of the fruits and vegetables drying experiments, drying temperature was not more than 70 ∘ C. It might affect the color and nutrients of fruit and vegetables if the temperature exceeded 70 ∘ C, declining in the drying quality [32] . Therefore, the maximum hot air temperature is set to 70 ∘ C. It was necessary to run the hot air drying system for 10 to 20 min before the experiment; when the hot air temperature inside the microwave cavity reached the presetting temperature and stabilized, the fresh hawthorn slices on the plastic drying tray were put into the microwave cavity; a microwave drying system was started to dry. Drying experiments were carried out at different drying hot air temperatures of 50, 55, 60, 65, and 70 ∘ C and different hot air velocities of 1, 1.5, 2, 2.5, and 3 m/s and different microwave power densities of 3, 6, 9, 12, and 15 w/g. During the drying process, the weight of the dry sample was weighed once every 60 s. The weight of the drying samples was weighted once every 10 s or 20 s when the moisture content of hawthorn slices was about 25% (w. b.). It did not impact the drying process since weighing was done within a few seconds [6] . Dried samples were put into the self-styled plastic bags after being allowed to cool down at an ambient temperature for 10 min and stored for the followup experiments.
Theoretical Approach and Mathematical Model.
Moisture ratio of drying experiment expresses the residual moisture content (d. b.) of the material under certain conditions, the Moisture ratio is determined by the following [25, 33] :
where MR is moisture ratio (dimensionless), is the moisture content (d. b.) at (kg water /kg dry solids ), is equilibrium moisture content (d. b.) (kg water/dry solids ), and 0 is initial moisture content (d. b.) (kg water/dry solids ).
Hawthorn drying rate was an important parameter in the drying kinetics; in order to determine the relationship among hawthorn drying time, drying rate, and drying moisture content (d. b.), hawthorn slice drying rate was determined by the following [25, 33] :
where DR is drying rate (kg water /min kg dry solids ), and +Δ are the moisture content (d. b.) at and moisture content (d. b.) at + Δ (kg water /kg dry solids ), respectively, and is the drying time (min).
To further describe and forecast the moisture loss of hawthorn slices during the drying process of microwave coupled with hot air, 12 mathematical models (Table 1) were used to fit the hawthorn dried curves, and the optimal mathematical model was selected from models. In general, drying mathematical models were obtained by simplifying Fick's second law and considering the relationship between the average moisture content (d. b.) of dry material and drying time [34] .
There were three evaluation criteria in determining the optimum drying mathematical model: the correlation coefficient 2 , chi-square value 2 , and root mean square error (RMSE) [6, 33] . The correlation coefficient 2 was used to indicate a close relationship among the variables. When the correlation coefficient 2 was larger and closer to 1, it indicated the more significant regression relationship. The values of 2 and RMSE reflected the degree of variation between actual and expected value; its value was smaller and the prediction accuracy of the regression equation was higher. Therefore, the hawthorn dry optimal mathematical model should have a maximum value of 2 and a minimum value of 2 and RMSE. These statistics variables were calculated according to the following equation:
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Weibull distribution MR = − exp(−( )) [51] where MR exp, is the th moisture ratio value determined experimentally, MR exp, is the th predicted moisture ratio value, is the number of observations, and is the number of drying constants.
Effective Moisture Diffusivity Coefficient.
Effectivemoisture diffusion coefficient described moisture migration mechanism and reflected the important characteristics of drying model in the food and other materials drying process and was one of the essential parameters to calculate and simulate moisture migration mechanism of food and other materials. Effective moisture diffusion coefficient of hawthorn dried slices using microwave coupled with hot air could be calculated by simplifying Fick's second law. General series solution of this Fick's law written in spherical coordinates, with the assumptions of moisture migration being by diffusion, negligible shrinkage, constant diffusion coefficients, and temperature, was given as follows [35] [36] [37] :
where eff is the effective diffusivity coefficient, m 2 /s; is the half-thickness of the samples, ; is the positive integer; and is the drying time, . For long drying periods, (4) could be further simplified to only the first term of the series. Thus, (4) was written as follows:
Equation (5) could be further expressed in a logarithmic form as follows: Hawthorn effective moisture diffusion coefficient could be calculated from the slope method, which was shown as follows:
2.6. Experimental Uncertainty. Uncertainties and errors in experiments can arise from instrument selection, condition, calibration, environment, observation, reading, and test planning. In the drying experiments of hawthorn slices, the hot air temperatures, hot air velocity, dry sample weight, and weight losses were measured with appropriate instruments [38, 39] . During the measurements of the parameters, the uncertainties that occurred are presented in Table 2 . temperatures, power density, and hot air velocity, which was shown in Figure 3 . The range of the final moisture content of dried samples under different conditions was 12% ± 0.5% (w. b.). It could be seen from Figure 3(a) that, under the condition of the drying hot air velocity of 2 m/s and power density of 9 w/g, when the drying temperature increased from 50 ∘ C to 70 ∘ C, the drying time in which hawthorn slices reached a final moisture of 12% (w. b.) increased, with the increase of the temperature, and then decreased. When it reached 60 ∘ C, drying time reached a minimum time of 13.5 min. It was almost the same as the trends of the moisture ration curve at temperature of 55 and 65 ∘ C. There was a greater change of the trends of the moisture ration curve at temperature of 50, 60, and 70 ∘ C. For example, at temperature of 55 and 65 ∘ C, the final drying time that reached moisture of 12% (w. b.) was 16.7 and 17 min, while in 50, 60, and 70 ∘ C, the drying time for reaching final moisture content of 12% (w. b.) was 19.3, 13.5, and 17.2 min, respectively. The reason for time fluctuations and curve changing was that the drying of hawthorn slices was affected by microwave and hot air together. Microwave made hawthorn slices directly generate heat internally and hot air was to generate the convection heat transfer on Mathematical Problems in Engineering 7 the surface of the hawthorn slices. It could significantly shorten the drying time by using microwave coupled with hot air. The drying time was decided by microwave power rather than the temperature of the hot air [30] . When the hot air temperature was at 50∼60 ∘ C, the microwave drying played a decisive role and the drying time gradually decreased in the supporting role of hot air. When the hot air temperature was at 60∼70 ∘ C, the hot air drying played a decisive role, resulting in dry time gradually increasing [30] . As can be seen from Figure 3(b) , when the drying temperature of 60 ∘ C and the drying hot air velocity of 2 m/s remained unchanged, the density of the microwave power increased from 3 w/g to 15 w/g, the drying time of hawthorn slices reaching a final moisture content of 12% (w. b.) would be reduced from 20.7 to 7.3 min, and the trend of drying moisture ration curve varied greatly. The main reason that the drying time was reduced was the billions of rotation of polar water molecules per minute during the microwave heating, a lot of heat was generated because of the collision and friction between molecules, the water molecules absorbed the microwave power was increased after increasing the microwave power, the microwave drying gradually played a decisive role, resulting in a decline of the drying time [30] . As can be seen from Figure 3(c) , when the drying conditions remained unchanged, which were the power density of 9 w/g and the drying temperature of 60 ∘ C, the drying hot air velocity increased from 1 m/s to 3 m/s and the drying time of the hawthorn slices reaching a final moisture content of 12% (w. b.) varied with the increase of the velocity of hot air, which decreases after increasing. When the hot air velocity was 1.5 m/s, it has the shortest drying time of 13.2 min. When the hot air velocity was 3 m/s, it has the longest drying time of 15.5 min. In the drying of microwave coupled with the hot air, although hot air could accelerate the water evaporation of hawthorn slices surface and accelerate the velocity of drying, when the hot air velocity was too large, the temperature of the surface of hawthorn slices would be reduced and water evaporation would also be reduced, thus leading to the drying rate reducing and drying time increasing.
Results and Discussion
Drying Moisture Ratio of Hawthorn
Drying Rate of Hawthorn Slices.
Under the drying conditions with different temperatures, the power density, and hot air velocity, the curve of the drying rate of the hawthorn slices varying with moisture content (d. b.) was shown in Figure 4 . It was apparent that the drying process involved four periods, accelerating period, falling period, another accelerating period, and another falling period, without a constant rate drying period. In all cases, at the early period of drying, the moisture content (d. b.) decreased and the drying rate began to increase and reached the first peak; with the further reduction of the moisture content (d. b.), the drying rate reached a minimum value; with further reduction of the moisture content (d. b.), drying rate experienced an another increase and reached the second peak, and drying rate began to decrease with decreasing of the reduction of moisture content (d. b.).
As can be seen from Figure 4 , the drying process mainly occurred in the first accelerating period and the second falling period. The trends of the drying rate curve of hawthorn slices, in this paper, were consistent with which of soybean and apple slices using the method of microwave coupled with hot air drying reported in the literature 33 and 56. In the early drying stages of hawthorn slices, the initial increase of drying rate was believed to be caused by the "warming-up" of drying samples, when mass losses were small, the subsequent decrease in drying rate could be attributed to drying out of the hawthorn slices sample surface caused by evaporation of water. As can be seen from Figure 4(b) , the size of the second peak in the drying curve generally increased as microwave power density was increased [17] . This might be related to an internal structure of the rapid formation of a porous, promoting the diffusion of water vapor by volumetric heating of the source. Driven by the microwave power, steam was forced through the hawthorn slices which expanded internal void structure. The appearance of the second peak in the drying curve might also be related to the changes of the dielectric loss factor of the hawthorn slices during drying [40] .
Mathematical Model of Hawthorn Slices Drying Curves.
Data of continuous moisture content (d. b.) obtained under conditions of different hot air temperature, microwave power density, and hot air velocity were converted into moisture ratio. They were fitted by 12 mathematical models with drying time as the independent variables. The mathematical models were shown in Table 1 . The three statistical values of the correlation coefficient 2 , the chi-square value of 2 , and the root mean square error (RMSE) obtained by nonlinear analysis under different drying conditions were shown in Table 3 . As can be seen from the data in Table 3 , Weibull distribution model has a maximum value of 2 and minimum values of 2 and RMSE. The variation range of these values was 0.98706∼0.99961, 0.0000444∼0.00111, and 0.00666∼0.03336, respectively. Therefore, the Weibull distribution model was considered the best model in the present study to represent the microwave coupled with hot air drying behavior of hawthorn fruits within the experimental range of study. It was shown as (8) . Unal and Sacilik [4] studied a drying method of hot air convection for hawthorn drying kinetics, and they fitted five kinds of different drying mathematical models and drew a conclusion of Midilli et al. model fitting best. Probably, the drying methods and different drying characteristics at various drying conditions could contribute to the difference [37] :
where MR is the moisture ratio; is drying rate constant (ℎ −1 ); is time (ℎ); , , and is experimental constants.
The coefficient and constant values of the Weibull distribution model were obtained by using nonlinear regression procedure, after analyzing the Weibull distribution model according to the conditions of different drying air temperature, power density, and hot air velocity, which were shown in Table 4 .
In order to further describe the influence of drying variables on Weibull distribution model, the relationship between the coefficients or constants ( , , , and ) and the drying parameters (drying hot air temperature, power density, and hot air velocity) of the drying model were established based on regression analyzing method. Thus, the regression equations of these coefficients and constants against drying parameters for Weibull distribution model were as follows [35] . [6] and Soysal et al. [41] for parsley, and so forth.
Estimation of Effective Moisture Diffusivities.
During the falling rate drying period, the internal resistance governed the mass transfer and the moisture transfer during drying was controlled by internal diffusion. In this case, Fick's second law of diffusion could be used as an effective prediction. According to the drying time and the value of MR and InMR that calculated from the experiment data, the effective diffusion coefficients calculated by (6) and (7) obtained under various experimental conditions were shown in Table 5 . As expected, when the drying conditions remained on a constant of power density 9 w/g and hot air velocity 2 m/s, and the temperature increases (50∼70 ∘ C), the effective diffusivity values decreased after increase with the increase of temperature. When the power density of 9 w/g and air temperature of 60 ∘ C kept constant, with increasing hot air velocity (1∼3 m/s), the effective moisture diffusion values first increased and then decreased. When the hot air temperature of 60 ∘ C and the hot air velocity of 2 m/s remained constant, with the power density increases (3∼15 w/g), the effective moisture diffusion values increased with power density increasing. It was consistent with the variation law of MR [30] . Under the experimental conditions, the effective moisture diffusion values varied from 1.16349 × 10 −7 to 3.77045 × 10 −7 m 2 /s. Unal and Sacilik [4] researched on hot air to dry hawthorn, the range of effective moisture diffusivity values obtained was 2.66 × 10 −10 ∼5.70 × 10 −10 m 2 /s, which was three orders of magnitude smaller than that of microwave coupled with hot air. The reason for so much difference was mainly due to the different type of hawthorn, drying method, drying conditions, physical or chemical pretreatment (physical or chemical pretreatment), geometry (i.e., thickness or radius), and moisture content (d. b.) [35] .
Conclusions
In this paper, the effects of dry factor on moisture ratio and drying rate of microwave coupled with hot air drying were systematically studied and the reason for the drying curve trends was analyzed, under the drying conditions of hot air temperature being ranged from 50 ∘ C to 70 ∘ C, microwave density being ranged from 3 to 15 w/g, and hot air velocity being ranged from 1 to 3 m/s. In this study, it was found that the drying process occurred only in accelerating period and falling rate period and no significant constant rate drying period existed. The drying curves were fitted to 12 different drying mathematical models which were often used and it was found in this study that there were a maximum value of 2 and a minimum value of 2 and RMSE under the experimental conditions in Weibull distribution model. Therefore, the Weibull distribution model was found to be the most suitable for describing drying curves of hawthorn slices. It could be used to predict the characteristics of the hawthorn slices during a drying process at any time, particularly at hot air temperatures of 50-70 ∘ C and hot air velocities of 1-3 m/s and microwave power densities of 3-15 w/g. The calculated effective diffusivities ranged from 1.16349 × 10 −7 to 3.77045 × 10 −7 m 2 /s. The variation of effective diffusion coefficient was consistent with that of drying moisture ration. Moreover, according to literature [4] , the effective diffusivities of convective hot air drying ranged from 2.66 × 10 −10 to 5.7 × 10 −10 m 2 /s and the value of hawthorn effective diffusion coefficient of microwave coupled with hot air drying technology was three orders of magnitude larger than that of convective hot air drying technology, which indicates a higher drying rate of microwave coupled with hot air drying technology compared with convective hot air drying technology. 
